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19-Nor-Vitamin D Compounds 



This invention was made with United States government support awarded by the Department of Health 
and Human Services (NIH). Grant numk^en DK-14881. The United States Government has certain rights in 
this invention. 

This invention relates to biologically active vitamin D compounds. More specifically, the invention 
5 relates to 19-nor-analogs of lo-hydroeylated vitamin D compounds and to a general process for their 
preparation. 

Background 

10 

The lo-hydroxylated metabolites of vitamin D - most importantly 1a,25Kiihydroxyvltamin Ds and 1a,25- 
dihydroxyvitamin Da - are Icnown as highly potent regulators of calcium homeostasis in animals and 
humans, and more recently their activity in cellular differentiation has also been established. As a 

rs consequence, many structural analogs of these metabolites, such as compounds with different side chain 
structures, different hydroxylation patterns, or different stereochemistry, have been prepared and tested. 
Important examples of such analogs are Icr-hydroxyvHamin Da. 1a-hydroxyvitamin D^, various dde chain 
fluorinated derivatives of 1a,25-dihydroxyvitamin Da. and side chain homologated analogs. Several of these 
known compounds exhitut highly potent activity in vito or In vitro , and possess advantageous activity 

20 profiles and thus are in use, or have been proposed for use. in the treatment of a variety of diseases such 
as renal osteodystrophy, vitamin D-resistant rickets, osteoporosis, psoriasis, and certain malignancies. 



Disclosure and Description of the Invention . 



25 



A class of lo-hydroxylated vitamin D compounds not known heretofore are the 19-nor-analogs. I.e. 
compounds in which the ring A exocyclic methylene group (cart)on 19) typical of all vitamin D system has 
been removed and replaced by two hydrogen atoms. Structurally these novel analogs are characterized by 
30 the general formula I shown betow: 



35 



40 




where X* and are each selected from the group consisting of hydrogen and acyl. and where tiie group R 
represents any of the typical side chains known for vitamin D type compounds. Thus, R may be an alkyl. 
hydrogen, hydroxyaikyi or fluoroalkyi group, or R may represent tiie following side chain: 
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wherein represents hydrogen, hydroxy or 0-acyl. and are each selected from the group consisting 
of alkyl. hydroxyaJIcyi and fluoroalkyl. or, when talcen together represent the group - (CH2)m ~ where m is 
an integer having a value of from 2 to 5, R^ is selected from the group consisting of hydrogen, hydroxy, 
fluorine. 0-acyl. alkyl, hydroxyalkyl and fluoroalkyl. R^ is selected from the group consisting of hydrogen, 
fluorine, alkyl. hydroxyalkyl and fluoroalkyl. or. R^ and taken together represent double-bonded oxygen. 
RS and R' are each selected from the group consisting of hydrogen, hydroxy. 0-acyl, fluorine and alkyl, or, 
R^ and R^ taken together fonn a cartx>n-carbon double bond, and wherein n is an integer having a value of 
from 1 to 5. and v/herein the carbon at any one of positkms 20. 22, or 23 in the side chain may be replaced 
by an 0, S, or N atom. 

Specific important examples of side chains are the structures represented by formulas (a), (b). (c), (d) 
and (e) below, i.e. the side chain as it occurs in 25-hydroxyvitamin Da (a): vitamin Da (b); 25-hydroKyvitamin 
Da (c); vitamin D2 (d); and the C*24^pimer of 25-hydroxyvitamin D2 (e). 




In this specification and the claims, the term *alkyr signifies an alkyl radical of 1 to 5 cart>ons in all isomeric 
forms, such as methyl, ethyl, propyl, isopropyl. butyl. Isobutyl. pentyl, etc.. and the tenms 'hydroxyalkyr and 
fluoroalkyl' refer to such an alkyl radical substituted by one or more hydroxy or fluoro groups respectively. 

45 and the t&m 'acyl* means an aliphatic acyi group of 1 to 5 carbons, such as formyl. acetyl, propionyl. etc. 
or an aromatic acyl group such as benzoyl, nitrobenzoyi or hak>benzoyK The term 'aryl' signifies a phenyl-, 
or an alkyl-. nitro- or halo-substituted phenyl group. 

The preparation of 1a-hydroxy-1^nor-vitamin D compounds having the basic struchire shown above 
can be accomplished by a common general method, using known vitamin D compounds as starting 

50 materials. Suitable starting materials are. for example, the vitamin D compounds of the general structure It: 
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where R is any of the side chains as defined above. These vitamin D starting materials are Icnown 
compounds, or compounds that can be prepared by known methods. 

Using the procedure of Del-uca et al. (U.S. Patent 4.195.027), the starting material can be converted to 
the corresponding 1a-hydroxy-3,5-cyclovitamin D derivative, having the general structure 111 beiow, wfiere X 
represents hydrogen and Q represents an alkyi. preferably methyl: 




So as to preclude undesired reaction of the lorhydroxy group in subsequent steps, the hydroxy group is 
converted to the corresponding acyl derivative, i.e. the compound III shown above, where X represents an 
acyl group, using standard acylation procedures, such as treatment with an acyl anhydride or acyl haRde in 
pyridine at room temperature or slightly elevated temperature (30-70°C). It should be understood also that 
whereas the process of this Invention Is illustrated here with acyl protection of hydroxy functions, alternative 
standard hydroxy-protecting groups can also be used, such as, for example, alkylsilyl or alkoxyalkyl groups. 
Such protecting groups are well-known in the art (e.g. trimethylsilyl. triethylsilyl. t-butykfimethylsllyl. or 

^ tetrahydrofuranyl. methoxymethyl). and their use is considered a routine modification off experimental detail 
within the scope of the process of this invention. 

The derivative as obtained above can then be reacted with, say osmium tetroxide. to produce the 10.1 9- 
dihydroxy anatog. IV (where X is acyl), which is subjected to diol cleavage using sodium metaperiodate or 
similar vteinal diol deavage reagents (e.g. lead tetraacetate) to obtain the lOoxo-intermediate, having me 

^ structure V bekw (where X Is acyl): 
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These two consecutive steps can be carried out according to the procedures given by Paaren et al. [J. Org. 
Chem. 48. 3819 (1983)]. If the side chain unit R. canies vldnal diols (e.g. 24i5-dihydroxy*or 25,28- 
dihydroxyi etc.), these, of course, also need to be protected. e.g. via acylation, silylation, or as the 
isopropylidene derivative prior to the periodate cleavage reactions. 

In most cases, the acylation of the Icc-hydroxy group as mentioned above will simultaneously effect the 
acylation of side chain hydroxy functions, and these acylation conditions can, of course, be appropriately 
adjusted (e.g. elevated temperatures, longer reaction times) so as to assure complete protection of side 
chain vicinal diol groupings 

The next step of ttie process comprises the reduction of tiie 10-oxo-group to the corresponding 10- 
alcohol having ttie stnjcture VI shown below (where X is acyl and Y represents hydroxy). When X is acyl, 
tills reduction Is canied out convenientiy in an organic solvent at from, say, 0**C to room temperature, using 
NaBH* or equivalent hydride reducing agents, selective for tfie reduction <rf cari^onyl groups wittiout 
cleaving ester functions. Obviously, when X is a hydroxy-protecting group tiiat is stable to reducing agents, 
any of ttie ottier hydride reducing agents (e.g. LiAIH*, or analogous reagents) may ba employed also. 



40 




The 10-hydroxy intenmediate can ttien be treated with an alky I- or arylsulfonylhalide (e.g. mettianesulfonyl- 
chloride) in a suitable solvent (e.g. pyridine) to obtain ttie corresponding 10-O-alkyl-or arylsuifonyl derivative 
(ttie compound having tiie stnjcture shown VI above, where Y Is alkyl-SOaO-, or aryl-SOzO-, and ttiis 
sulfonate intemiediate is ttien directiy reduced, e.g. witti littilun aluminum hydride, or ttie analogous known 
littiium aluminum alkyl hydride reagents In an ettier solvent, at a temperature typically from (W to ttie 
boiling temperature of ttie solvent, tiiereby displacing ttie sulfonate group and obtaining ttie 10-deoxy 
derivative, represented by ttie structure VI above, where X and Y are botti hydrogen. As shown by ttie 
above stmcture. a 1-0-acyl function in ttie precursor compound V is also cleaved in ttils reduction step to 
produce ttie free 1a-hydroxy function, and any O^cyl protecting group in ttie side chain would, of course, 
likewise be reduced to ttie conresponding free akx)hol function, as is well understood In ttie art. If desired, 
ttie hydroxy groups at C-1 (or hydroxy groups in ttie side chain) can be reprotected by acylation or 
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silylation or ether formation to the corresponding ac^l alkylsilyl or alkoxyalkyi derivative, ixit such protection 
is not required. AKematlve hydroxy-protecting groups, such as aikylsllyl or aJI<oxyalkyl groups would be 
retained in this reduction step, but can be removed, as desired, at this or later stages in the process by 
standard methods Icnown in tt^ art 

The above 1a-hydroxy-10-deoxy cyclovitamin D intermediate is next sdvolyzed e.g the presence of a 
tow-molecular weight organic acid, using the conditions off DeUica et al. (U.S. Patents 4,195.027 and 
4.260.549). When the solvolysis is carried out in acetic actd, for example, ttiere Is obtained a mixture of 1a- 
hydroxy-19-nor-vHamin D 3-acetate and 1a-hydroxy-19-nor-vitamin D 1 -acetate (compounds VII and VIII. 
below), and the analogous 1- and 3-acylates are produced, when, altemative adds are used for solvolysis. 




Direct basic hydrolysis of this mixture under standard conditions tfien produces tfie desired 1crhydroxy-19- 
nor-vltamin D compounds of structure I above (where )0 and )^ are hydrogen). Alternatively, tiie above 
mixture of monoacetates or other acylates may also be separated (e.g. by high pressure liquid chromatog* 
raphy) and ttie resulting 1-acetate and d-acetate isomers may be subjected separately to hydrolysis to 
obtain tiie same final product from each, namely the 1a-hydroxy-19Hfior-vitamin D compounds of structure I. 
Also tiie separated monoacetates of structure VII or VIII or tiie free 1.3-dihydroxy compound can of course, 
be reacylated according to standard procedures witti any desired acyl group, so as to produce tire product 
of structure i above, where and )^ represent acyl groups which may be the same or different 



Biological Activity of 1a-Hydroxy-19-tSlor-Vitamin D Compounds 

The novel compounds of this invention exhibit an unexpected pattern of biological activity, namely high 
potency in promoting tiie diffierentiation of malignant cells and titUe or no activity In calcifying bone tissue. 
This is illustrated by tiie biological assay results obtained for 1o.25-dihydroxy-19-nor-vitamin D3 - 
(compounds la), vvhich are summarized in Tables 1 and 2, respectively. Table 1 shows a comparison of tiie 
activity of the Icnown active metabolite 1a.25-dlhydroxyvitamin D3 and tiie 19-nor analog (la) in Inducing tiie 
differentiation of human leukemia cells (HL-60 cells) in culture to normal cells (monocytes). Differentiation 
activity was assessed by ttiree standard differentiation assays, abbreviated in Table 1 as NBT (nttroblue 
tetrazolium reduction), NSE (non-specific esterase activity), and PHAGO (phagocytosis activity). The assays 
were conducted according to known procedures, as given, for example, by DeLuca ^ al. (U.S. Patent 
4,717.721) and Oslrem et al., J. Bfol. Chem. a^. 14164, 1987). For each assay, the differentiation activity of 
the test compounds Is expressed In terms of tiie percent of HL-60 cells having differentiated to normal cells 
in response to a given concentration of test compound. 

The results summarized in Table 1 cleariy show that the new anakjg, 1a,25-dihydroxy-19-nor-vitamin D3 
(la) is as potent as 1a,25-dihydroxyvitamin D3 in promoting the differentiation of leukemia cells. Thus in all 
ttiree assays ctose to 90% of ttie cells are induced to dlfferentiato by 1a.25-dihdyroxyvitamin D3 at a 
concentration of 1 x 10"' molar, and ttie same degree of differentiation (l.e, 90. 84 and 90%) is achieved by 
the 19-nor analog (la). 
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Table 1 





Differentiation of HL-60 Cells 


6 


1a.25-dihydroxyvHamin Da 


% Differentiated Cells 




(moles/liter) 


(mean ± SEM) 






MRT 








A u 4 A— 7 

1 X 10 ' 


86±2 


89± 1 


87 ±3 


10 


1 x10-« 


60£2 


60t3 


64£2 




1 X 10-3 


33±2 


31 ±2 


34± 1 




1a;25-dlhydroxy-19-nor-vitamln 










Da. (ta) 








16 


(moles/liter) 










2x10-^ 


94±2 


95±3 


94±2 




1 X 10-^ 


9014 


84±4 


90±4 




5x10-« 


72±3 


73t3 


74 ±3 


20 


1 X 10-« 


61 ±3 


60±3 


56±1 




1 X 10-9 


32±1 


31 ± 1 


33t 1 



In contrast to the preceding results, the new 19-nor analog (la) exhibits no activity in an assay 
^ measuring the calcification of k)one, a typical response elicited by vitamin D compounds. Relevant data, 
representing ttie results of an assay comparing ttie bone calcification activity In rats of 1of.25-dihydrox- 
yvitamin Da and 1o.25-dihydroxy-l&-nor-vitamln Da (la), a^© summarized in Table 2. This assay was 
conducted according to the procedure described by Tanaka et al., Endocrinology ^ 417 (1973). 

The results presented in Table 2 show the expected bone calcification activity off lo^5-dihydrox- 
^ yvitamin Da as reflected by the increase in percent bone ash. and in total ash at all dose levels. In contrast, 
the 19-nor analog la exhibits no activity at all three dose levels, when compared to tiie vitamin Deficient (- 
D) control group. 

Table 2 

35 



Calcification Activity 


Compound 


Amount 


% Ash 


Total Ash 


Administered* 




(">fl) 




(pmoles/day/7 


(mean ± 


(mean ± 




days) 


SEM) 


SEM) 


-D (control) 


0 


19 ± 0.8 


2311J2 


lais-dihydroxy-^fitamin Da 


32.5 


23 1 0.5 


341 1.6 




65.0 


26 ± 0.7 


361 1.1 




325.0 


28 ± 0.9 


40± IS 


1a;25-dihydroxy-19-nor^vitamln Da (la) 


32.5 


2210.9 


2811.6 


65.0 


1911.5 


2813.4 




325.0 


1911.2 


3012.4 



• Each assay group comprised 6 rats, receiving the indicated amount off test compound 
by intraperitoneal Injection daily for a period of seven days. 



Thus the new 19<ior analog shows a selective activity profile combining high potency in inducing the 
differentiation of malignant cells witti very low or no bone calciftcation activity. The compounds off this novel 
structural dass. ttierefore. can be useful as ttierapeutic agents for ihc treatment of malignancies. Because 
tiie differentiative activity of vitamin D compounds on keratinocytes of skin (Smitti et al.. J. Invest Dennalol. 
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86, 709. 1986; Smith 0t a[., J. Am. Acad. Demialol. 19. 516. 1988) is believed to be an indication of 
ETccessful treatment of psoriasis (Takamoto et af.. Calc. Tissue Int 360. 1986), these compounds 
should prove useful in treating this and other skin disorders characterized by proliferation of undifferentiated 
skin cells. These compounds should also find use in the suppression of parathyroid tissue, as for example, 
5 in cases of secondary hyperparathyrddism found in renal disease (Slatopolsky et al., J. Clin. Invest 74, 
2136, 1984). 

For treatment purposes, the novel compounds of this invention can be fbmiulated. for example, as 
solutions in innocuous solvents or as emulsions, suspensions or dispersions in suitable innocuous solvents 
or carriers, or as pills, tablets or capsules, containing solid carriers according to conventional methods 

10 known in the art. For topical appllcalions the compounds are advantageously formulated as creams or 
ointments or similar vehicle suitable for topical applications. Any such formulations may also contain other 
pharmaceutically-acceptable and non-toxic exdpients such as stabilizers, anti-oxidants, binders, coloring 
agents or emulsifying or taste-modifying agents. 

The compounds are advantageously administered by injection, or by intravenous infusion of suitable 

75 Sterile solutions, or in the form of oral doses via the alimentary canal, or topically in the form of ointments, 
lotions, or In suitable transdermal patches. For the treatment of malignant diseases, the 19-npr-vitamin, D 
compounds of this invention should he administered to subjects in dosages suffident to Inhibit the st 
proliferation of malignant cells and induce their differentiation into normal monocyte-macrophagesi Similarly, 
for the treatment of psoriasis^the compounds may be administered orally or~topical]y in amounts .stjffident^ 

20 to arrest the proliferation of undifferentiated keratinocytes. and in the treatment of hyperparathyroidism, thoo 
compouraJs should be administered in dosages suffk^ient to suppress parathyroid activity, so.as to achieve 
parattiyroid hormone levels in the^normal range. Suitable dosage amounts are from 1 to 500 ug^of 
compound per day. such dosages being a^^ 
^response or condition of the subjec^ as well-understood in tiie art 

2S This invention is more specifically descrit>ed By the folkwing illustrative examples. In these examples 
specific products identified by Roman numerals and letters. i.e. la, lb, .... Ha, lib. .... etc. refer to the specific 
structures and side chain combinations identified in the preceding description. 



30 Example 1 



Preparation of 1a.25^ihydroxy-19-nor-vitamin Da Qa) 

35 

(a) 1tt.25-Dihydroxy-3,5-cyctovitamin Da 1 -acetate. 6-methyl etiien 

Using 25-hydroxyvitamin Da (Ha) as starting material, the known 1a,25-dihydroxy-3,5-cyclovitamin Da 
derivative Ilia (X=H) was prepared according to pubHshed procedures (DeLuca et a[., U.S. Patent 4, 
40 195.027 and Paaren et al., J. Org. Chem. 45. 3252 (1980)). This product was then acetylated under, 
standard condrtions to obtain the corresponding 1-acetate derivative Ilia (X^^Ac). 



(b) 10,19-Dihydro-1a,10,19,25-tetrahydroxy-3,5-cydovitamin Da 1-acetate, 6-mettiyl ether (IVa): 

46 

Intermediate Ilia (X=^Ac) was treated with a slight molar excess of osmium tetroxide in pyridine 
according to the general procedure described by Paaren et al. (J. Org. Chem. 48, 3819 (1983)) to obtain the 
10.19-dihydroxylated derivative IVa Mass spectmm m/z (relative intensity), 508 (M^, 1), 488 (2), 474 (40), 
425 (45), 386 (15). 285 (5). 229 (30), 133 (45). 59 (80). 43 (100). NMR (CDCIa) 6 0.52 (3H. s. I8-CH3). 
50 0.58 (1H. m. 3-H). 0.93 (3H, d. J=6.1 Hz. 21-CHa). 1.22 (8H, s. 26-CH3 and 27^H3). 2.10 (3H, s. COCH3), 
3.25 (3H, s. 6-OCH3), 3.63 (2H. m. 19-CHa). 4.60 (1H, d, J=9.2 Hz, 6-H), 4.63 (1H, dd. IjS-H), 4.78 (IH. d. 
J=9.2Hz.7-H). 



55 (c) 1tt.25-Dihydroxy'10-oxo-3,5-cyclo-19-nor-vitamin Da 1-acetate, 6-metiiyl etiier (Va): 

The 10.19-dihydroxylated intennediate IVa was treated with a solution of sodium metaperiodate 
according to the procedure given by Paaren et al. (J. Org. Chem. 48. 3819. 1983) to produce the 10-oxo- 
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cydovrtamtn D derivative (Va. Ac). Mass spectrum m/z (relative intensity) 442 (IM*-MeOH) (18), 424 (8), 
382 (15). 364 (35). 253 (55). 225 (25). 197 (53). 155 (85). 137 (100). NMR (COaa) 5 0.58 (3H. s. 18- 
CH3), 0.93 (3H, d. J =6.6 Hz. 21-CH3). 1.22 (6H. s. 26-CH3 and 27-CH3). 2.15 (s. 3-OCOCH3), 3.30 (3H. s, 
eOCHs). 4.61 (1H. d. J=9.1 Hz. 6-H). 4.71 (1H. d. J=9.6 Hz, 7-H). 5.18 (1H. m. I^H). 
5 It has bQ&\ bound also that this diol cleavage reaction does not require elevated temperatures, and it is. 
indeed, generally prefereat>le to conduct the reaction at approximately room temperature. 

(d) 1a-Acetoxy-10.25-dihydroxy>3.5<yclo-19^ior-vitamln Ds 6-methyi ether (Via. X-Ac. Y=OH): 

10 

The 10-0x0 derivative Va (X=Ac) (2.2 mg. 4.6 umol) was dissolved in 0.5 ml of ethanol and to ttiis 
solution 50 ul (5.3 umol) of a NaBH* solution (prepared from 20 mg of NaBH*. 4.5 ml water and 0.5 ml of 
0.01 N NaOH solution) was added and tiie mixture stin-ed at O^C for ca 1.5 h. and then kept at O^C for 16 h. 
To tiie mixture ether was added and the organic phase washed with (Nine, dried over MgSO^, filtered and 
15 evaporated. The crude product was purified by column chromatography on a 15 x 1 cm silica gel column 
and the alcohol Via p(=Ac. Y=OH) was eluted with ethyl acetate hexane mixtures to give 1.4 mg (3 umoi) 
of product Mass spectrum m/z (relative intensity) 476 (M*) (1). 444 (85). 426 (18). 384 (30). 366 (48). 351 
(21). 255 (35), 237 (48), 199 (100). 139 (51). 59 (58). 

20 

(e) 1a.25-Dihydroxy-19-nor-vitamin D3 (la, =X?gH): 

The 10-alcohol (Via. X=Ac. Y=OH) (1.4 mg) was dissolved in 100 ul anhydrous CH2Cb and 10 ul (14 
umol) triethylamlne solution [prepared from 12 mg (16 ul) triethylamlne In 100 Ul anhydrous CH2a2]. 

25 followed by 7 ul (5.6 umol) mesyl chloride solution (9 mg mesyl chloride. 6.1 ul. in 100 ul anhydrous 
CH2CI2) added at 0^. The mixture was stinred at 0^ for 2 h. The solvents were removed with a stream of 
argon and the residue (comprising compound Via. X»Ac. YsCHaSOzO) dissolved in 0.5 ml of anhydrous 
tetrahydrofuran; 5 mg of UAIH* was. added at 0*»C and the mixture kept at 0^ for 16h. Excess LIAIH4 was 
decomposed with wet etiier. tiie ether phase was washed with water and dried over MgS04, filtered and 

30 evaporated to give the 19-nor product Via (X=Y=H). 

This product was dissolved in 0.5 ml of acetic add and stinred at 55°C tor 20 min. The mixture was 
cooled, ice water added and extracted with ettier. The other phase was washed with coW 10% sodium 
bicarbonate solution, brine, dried over MgSO*. filtered and evaporated to give tfte expected mixture of 3- 
acetoxy-lcr-hydroxy- and 1a-acetoxy-3-hydroxy isomers, which were separated and purified by HPLC 

35 (Zoritox Sil column. 6.4 x 25 cm. 2-propanol in hexane) to give about 70 ug each of compounds Vila and 
XIII& UV (In EtOH) X„«x242.5 (OD 0.72), 251.5 (OD 0.86), 260 (OD 0.57). 

Both l9-nor-1.25-dihydroxyvitamln D3 acetates Vila and Villa were hydrolyzed in the same manner. 
Each of tiie monoacetates was dissolved In 0.5 ml of ether and 0.5 ml 0.1 N KOH in methanol was added. 
The mixture was stinred under argon atmosphere for 2 h. More ether was added and the organic phase 

40 washed wltti brine, dried over anhydrous MgSO^. filtered and evaporated. The residue was dissolved in a 
1:1 mixture of 2-propanol and hexane and passed through a Sep Pak column and washed with the same 
solvent. The solvents were evaporated and the residue purified by HPLC (Zort)ax Sil. 6.4 x 25 cm. 10% 2- 
propanol In hexane). The hydrolysis products of Vila and Villa were Wentical and gave 66 ug of la 
(X»=)C2=H). Mass spectrum (m/z relative intensity) 404 (M*) (100). 386 (41). 371 (20), 275 (53). 245 (51). 

45 180 (43), 135 (72), 133 (72), 95 (82), 59 (18), exact mass calcd. for C2GH44O3 404.3290. found 404.3272. ^H 
NMR (CDQa) « 0.52 (3H, s. I8-CH3). 0.92 (3H. d. J«6.9 Hz. 21-CH3). 1.21 (6H. s. 26-CH3 and 27-CH3). 
4.02 (1H. m. 3a-H). 4.06 (1H, m. 1/^H). 5.83 (1H. d. J=11.6 Hz. 7-H). 6.29 (IH. d. J = 10.7 Hz, 6-H). UV (In 
EtOH). V„«|243 (OD 0.725). 251.5 (OD 0.823), 261 (OD 0.598). 

50 

Example 2 



Preparation of 1a-hydroxy-19-nor-vitamin D3 (lb) 

55 

(a) Witii vitamin O3 (lib) as starting material, and utilizing the conditions of Example la. there is 
obtained known 1o-hydroxy-3.5-cyclovitamln Da 1 -acetate. 6-mettiyl ettier. compound lllb (X=Ac). 

(b) By subjecting intenmediate lllb (X~Ac), as obtained in Example 2a above to the conditions of 
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Bcample lb. there is obtained 10.l»<!itiydixh1oJO,19-trihydroxy-3.'5-cydovttamin Da 1-acetate, a-melhyl 
ether IVb p(=Ac). 

(c) By treatment of intermediate iVb (X^Ac) with sodium metaperiodate according to Example 1c 
above, there is obtained 1a-hydrQ)cy-1(kx)co-3.5-cycio-19-nor-vitamin Da 1-acetate. 6-fnethyl ether Vb 
{X=Ac). 

(d) Upon reduction of the lO-oxo-intennediate Vb (X= Ac) under the conditions of Example Id above, 
there is obtained 1a-acetoxy-10-hydroxy-3.5-cydo-19-nor-vitamin Zh 6-methyl ether VIb p(=Ac. Y=OH). 

(e) Upon processing intennediate V!b (X^^Ac. Y=OH) through the procedure given in Example 1e 
above, there is obtained 1a-hydroxy-19-nor-v!tamin Da (ib. X* s)^sH), 

Example 3 

/ Preparation of 1a,25-dihydroxy-19inor-vjtamin D2 

(a) Utilizing 25-hydr(^(yvitamin D2 (lie) as starting material and experimental conditions analogous to 
those of Example la, there is obtained 1a.2&^hydroxy-3.5-cyclovitamln D2 1-acetate, 6-mettiyl etiier. 
compound lllc (X=Ac). 

(b) Subjecting intermediate llld p(-Ac). as obtained in Example 3a above, to the reaction conditions 
of Example Ib. provides 10.19-dihydro-1a,10.19.25-tetrahydroxy-3.5-cyclovitamin Da 1-acetate. 6-metiiyl 
etiier. IVc (X=Ac). 

(c) By treatment of intermediate IVc p(=Ac) witi) sodium metaperiodate according to general 
procedures of Example 1c above, there is obtained 1o,25-dihydroxy-10-oxo-3,5-cyclo-19-nor-vitamin D2 1- 
acetate. d-methyl ether Vc (Xs Ac). 

(d) Upon reduction of tiie lOoxo-intennediate Vc (X=Ac) under conditions analogous to ttiose of 
Example 1d above, ttiere is oblalned 1a-acetoxy-10,25-dihydroxy-3.5-cyclo-19-nor-vitamin D2 6-metiiyl 
ettierVlc(X=Ac, Y=OH). 

(e) Upon processing intennediate Vic (X=Ac. Y^^OH) ttirough ttie procedural steps given in Example 
1e above, there is obtained lB,25-dihydr0xy-19-nor-vitamin D2 (Ic, X'-)?=H). 



Example 4 



Preparation of 1a-hydroxy-19-nor-vitamin D2 

(a) Witii vitamin D2 (lid) as starting materia], and utilizing the conditions of Example la, ttiere is 
obtained loiown 1a-hydroxy-3,5-cyclovitamin Dz l^acetate, 6-mettiyl etiier, compound llld (X==Ac). 

(b) By subjecting intermediate llld (X-Ac). as obtained in Example 4a above to ttie conditions of 
Example lb. ttiere is obtained 10.19-dihydro-1o,10,19-trihydr(»(y-^.5-cyclovitamin D2 1-acetale. 6-metfiyl 
etfier, IVd (X=Ac). 

(c) By treatment of intennediate IVb (X=Ac) with sodium metaperiodate according to Example Ic 
above, there is obtained 1a-hydroxy-10-oxo-3,5-cycio-19-nor«vitamin D2 1-acetate, 6-mettiyt etfier, Vd 
(X=Ac). 

(d) Upon reduction of the 10-oxo-intermediate Vd (X= Ac) under tiie conditions of Example Id above, 
tiiere is obtained 1a-acetoxy-10-hydroxy-3,5-cyclo-19-nor-vitamin D2 6-mettiyl ettier. Vid (X=Ac, Y=OH). 

(e) Upon processing intermediate Vld (X=Ac, Y=OH) tinrough tiie procedure given in Example 1e 
above, tiiere is obtained 1o4!ydroxy-19-nor-vitamin D2 (Id, X* =X?sH). 



Claims 

1 . A compound having the formula: 
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T5 where and are each independently hydrogen, acyl. alkylsilyl or alkoxyajkyl. and R is alkyl. hydrogen. 
hydroxyalkyK fiuoroalkyi or a side chain of the formula: 



wherein represents hydrogen, hydroxy or 0-acyl. R^ and R^ are each Independently alkyl, hydroxyalkyi 
or fiuoroalkyi. or, when taken together represent the group - (CHz)^ - where m is an integer from 2 to 5, 
R* is hydrogen, hydroxy, fluorine, 0-acyl. alkyl. hydroxyalkyi or fiuoroalkyi. is hydrogen, fluorine, alkyl. 
hydroxyalkyi or fiuoroalkyi. or R* and R^ taken together represent double-twnded oxygen. R* and R^ are 
each independently hydrogen, hydroxy. Oacyl. fluorine or alkyl, or. R^ and R' taken together form a 
carbon-cariton double bond, and n is an integer from 1 to 5 and wherein the carbon at any one of posittons 
20. 22 or 23 in the side chain may be replaced by an O. S, or N atom. 

2. A compound according to claim 1 wherein and X? are both hydrogen, R' is hydroxy. R^ and 
are each independently methyl, trifluoromethyl. ethyl or propyl. R6 and R^ are both hydrogen, or together 
fonm a carbon-carbon double bond. R^ and R^ are both hydrogen and n is 1. 2 or 3. 

3. 1o.25-Dihydroxy-1©-nor-vitamin D3. 

4. 1a-Hydroxy-19-nor-vitamin D3. 

5. ra25-Dihydr6xy-19-nor-vitarhln D2i 

6. 1a-Hydroxy-19-nor-vttamln D2- 

7. lo-Hydroxy-19-nor-24epi-vitamln D2. 

8. 1ci.25-Dihydroxy-19-nor-24 epi-vitamin D^. 

9. A compound having the formula: 
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wherein R is as defined In Claim 1. Q represents alley I and X is hydrogen, acyl. alkylsilyl or alkoxyalkyl. 
10. A compound having the fonnula: 



R 




Wherein R Is as defined In Claim 1, Q represents edkyl and X is hydrogen, acyl. alkylsilyl or altoxyaikyl. 
1 1 . A compound having the formula: 




wherein R is as defined in Claim 1. Q represents alkyl. X is hydrogen, acyl. alkylsilyl or alkoxyalkyl, and Y is 
hydroxy, hydrogen or protected hydroxy where the protecting group is acyl. alkylsilyl or alkoxyalkyl. 

12. A pharmaceutical composition which comprises at least one compound as claimed in any one of 
claims 1 to 8 together with a phamnaceutlcally acceptable exdpieni 

13. A composition according to clakn 12 wherein the compound is in a solid or lk|uid vehicle ingestible 
by. and non-toxk: to. mammals. 

14. A composition according to claim 12 or 13 wherein the compound Is 1a.25-hydroxy-19-nor-vltamin 
Da, 1a-hydroxy-19-nor-vitamin Da, 1a,25-dihydroxy-19-nor-vitamln Da or 1orhydroxy-19-nor-vitamin D2. 

15. A composition according to any one of claims 12 to 14 whk:h contains from 0.5 ug to 50ug of the 
compound. 

16. A composition according to any one of claims 12 to 15 which is suitable for topical administration. 

17. A composition according to any one of claims 12 to 15 which is suitable for parenteral administra- 
tion. 

18. A compositkxi according to any one of claims 12 to 15 which is suitable for oral administration. 

19. A cbrnpbund as defined in any one of daims 1 to 8 for inducing cell dif^rentiatlon in majigngnt 
cells. ^ 

20. A compound as defined in any one of claims 1 to 8 for inducing cell diffierentiatk>h In leukemia cells9 

21. A compound as defined in any one of claims 1 to 8 for treating a proKferath^ skin disorder^n a 
mammal. ^ 

22. A compound as defined in ariy one claims 1 to.8 for treating psoriasis. 

23. A compound as defined in any one of .claims .1 to 8 for treatirig prirnary or sepori^iyr.hypgr- 
parathyroidism^ 

24. A .coimpound as defined in any one of claims 1 to 8 for treating a neoplastic dis^e. 

25. A compound as defined in any one of claims 1 to 8 for use in the treatment of a condition as 
defined in any one of claims 19 to 24 

26. A process for preparing a compound having the formula: 



12 



EP 0 387 077 A1 



10 




15 Where )0 and X2 are each Independently hydrogen, acyl. alkylsilyl or alkoxyalkyl. and R is alkyl, hydrogen, 
hydroxyalkyi, fluoroaikyi or a side chain of the fonmula: 



20 



25 







30 



35 



Wherein R' represents hydrogen, hydroxy or 0-acyl. and R3 are each Independently alkyl.. hydroxyalkyi 
or fluoroaikyi. or. when taken together represent the group - (CH2)„ - where m is an integer from 2 to 5. 
R* is hydrogen, hydroxy, fluorine. Oacyl. alkyl. hydroxyalkyi or fluoroaikyi. R* is hydrogen, fluorine, alkyl. 
hydroxyalkyi or fluoroaikyi. or R* and R' taken together represent double-bonded oxygen. R« and R are 
each independently hydrogen, hydroxy. 0-acyl. fluorine or alkyl. or. R» and R' taken together form a 
carbon<artx)n double bond, and n is an integer from 1 to 5 and wherein the caibon at any one of posrti^ 

20. 22 or 23 in the side chain may be replaced by an O. S. or N atom characterised by solwolysing the 1b- 
hydroxy-KNJeoxy cydovitamin D compound having the formula: 



40 



45 



Qo 




so 

wherein Q is allcyi. 

Amended claims in accordance with Rule 86(2) EPC, 
1. A compound having the formula: 

55 
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15 where and are each independently hydrogen, acyl. aikylsilyl or alkoxyaikyl, and R is alley], hydrogen, 
hydroxyalkyl. fiuoroalkyi or a side chain of the formula: 



wherein represents hydrogen, hydroxy or 0-acyl, R^ and are each Independently alkyl. hydroxyalkyl 
or fiuoroalkyi. or, when taken together represent the group - (CHaXn - where m is an integer from 2 to 5, 
R* is hydrogen, hydroxy, fluorine. 0-acyl. alkyl, hydroxyalkyl or fiuoroalkyi. R^ is hydrogen, fluorine, alkyl, 
hydroxyalkyl or fiuoroalkyi, or R* and R^ taken together represent double-bonded oxygen, R^ and R' are 
each independently hydrogen, hydroxy. Oacyl, fluorine or alkyl. or. R^ and R^ taken together form a 
carbon-carbon double bond, and n is an integer from 1 to 5 and wherein the carbon at any one of positions 
20, 22 or 23 in the side ch^ may be replaced by an O. S. or N atom. 

2. A compound according to claim 1 wherein and are both hydrogen, R^ is hydroxy. and R^ 
are each independently methyl, trifluoromethyl. ethyl or propyl, R® and R^ are both hydrogen, or together 
form a cartxm-cartran double bond. R^ and R^ are both hydrogen and n is 1, 2 or 3. 

3. 1a,25-Dihydroxy-19-nor-vrlamln D3. 

4. lo-Hydroxy-1&-nor-vitamin D3. 

5. to,25-Dihydroxy-19-nor-vttamin D2. 
6- 1a-Hydroxy-19-nor-vitamin D2. 

7. 1a-Hydroxy-19-nor-24 epi-vitamin D2. 
8. 1a,25-OihydrQxy-19-nor-24 epi-vitamin Da. 
9. A compound having the fonmula: 
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wherein R is as defined in Claim 1, Q represents alkyi and X is hydrogen. BCi\, alkylsilyl or allcoxyalkyl. 
10. A compound having the formula: 



R 




Wherein R is as defined in Claim 1 , Q represents alkyi and X Is hydrogen, acyl, alkylsilyl or alkoxyalkyl. 
1 1 . A compound having the formula: 




wherein R is as defined in Claim 1. Q represents alkyi, X is hydrogen, acyl. alkylsilyl or alkoxyalkyl. and Y is 
hydroxy, hydrogen or protected hydroxy where the protecting group is acyl. alkylsilyl or alk<»cyalkyl. 

12. A pharmaceutical compositfon which comprises at least one compound as claimed in any one of 
claims 1 to 8 together with a pharmaceutically acceptable exciplent. 

13. A composition according to dalm 12 wherein the compound is in a solid or liquid vehtele ingestible 

by. and norv-toxic to. mammals. ^ . ^« j*^ • 

14 A composition according to claim 12 or 13 wherein the compound Is 1a.25-hydroxy-19-nor-vitamin 

Da 1orhydroxy-19-nor-vrtamin Da. la.25-dihydroxy-19-nor-vitamin D2 or lflt4iydroxy-19-nor-vltamin D2. 
15. A composition according to any one of claims 12 to 14 which contains from 0.5 itg to 50ug of the 

compound. 

16 A composition accoiding to any one of claims 12 to 15 which is suitable for topical administration. 
17. A composition according to any one of claims 12 to 15 which is suitable for parenteral administra- 

18 A composition according to any one of claims 12 to 15 which is suitable for oral administration. 
19. A compound as defined In any one of claims 1 to 8 for Inducing cell differentiation In malignant 
cells. 

20 A compound as defined in any one of claims 1 to 8 for inducing cell dIfferentiaHon In leukemia cells. 
21! A compound as defined In any one of claims 1 to 8 for treating a proRferative skin disorder in a 
mammal. 

22. A compound as defined In any one claims 1 to 8 for treating psonasis. 

23. A compound as defined in any one of daims 1 to 8 for treating primary or secondary hyper- 

parattiyroidism. . 

24 A compound as defined in any one of claims 1 to 8 for treating a neoplastc disease. 

25. A compound as defined In any one of claims 1 to 8 fbr^use in tiie treatment of a condition as 
defined in any one of daims 19 to 24 

26. A process for preF»aring a compound having the formula: 
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15 where and )^ are each Independently hydrogen, acyl, aikylstlyl or aJkoxyalkyl. and R is alkyl. hydrogen, 
hydroxyalkyl. fluoroalkyi or a side chain of the formula: 



20 



2S 



ft* 9f 



30 



wherein represents hydrogen, hydroxy or Oacyl. R^ and R^ are each independently alkyl. hydroxyalkyl 
or fluoroalkyi. or, when taken together represent the group - (CHa)^ - where m is an integer from 2 to 5, 
R^ is hydrogen. hydn>xy, fluorine. 0-acyl. alkyl. hydroxyalkyl or fluoroalkyi. is hydrogen, fluorine, alkyl. 
hydroxyalkyl or fluoroalkyi, or R^ and R^ taken together represent dout>l6-t)onded oxygen, R^ and R^ are 
each Independently hydrogen, hydroxy. 0-acyl. fluorine or alkyl, or. R^ and R^ taken together form a 
cartwn-caritxin double tx>nd. and n is an integer from 1 to 5 and wherein the cartx)n at any one of positions 
20, 22 or 23 in the side chain may t)e replaced by an O. S, or N atom characterised by solvdysing the lor 
hydroxy-10-deoxy cyclovitamin D compound having the formula: 



40 



45 




50 



wherein Q is aUcyl. 
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